Introduction
Several coronary risk factors contribute to the risk of other chronic diseases [1] . Mortality trends for ischaemic heart disease, cerebrovascular disease, lung cancer and certain other tumours tend to be similar in developed countries [2] . Within some of these countries, mortality trends for these diseases show a progressive tendency to converge [2] . Accordingly, the hypothesis of this study is that ischaemic heart disease mortality has a geographic distribution similar to that of other chronic diseases which share coronary risk factors. If this were so, the geographic distribution of ischaemic heart disease and other chronic diseases might well be attributable to similar determinants. Control of such factors could reduce variations in mortality from a number of chronic diseases, and would have greater impact on the health of the population than interventions targeting the determinants of a single disease.
To our knowledge, this is the first study to test this hypothesis directly. To this end, we have used data from Spain, a country with one of the lowest ischaemic heart disease mortality rates in the developed world, but presenting a marked internal geographic variation in ischaemic heart disease mortality [3] . Thus, this study examines whether the geographic distribution of ischaemic heart disease mortality in Spain was associated with that for leading chronic diseases over the period 1980-1995.
Methods
Mortality from the following causes, coded with the ninth revision of the International Classification of Diseases (ICD-9), was studied for the 50 provinces of Spain: ischaemic heart disease (ICD-9: 410-414), cerebrovascular disease (ICD-9: 430-438), malignant tumours (ICD-9: 140-208), lung cancer (ICD-9: 162), breast cancer (ICD-9: 174), prostate cancer (ICD-9: 185), diseases of the respiratory system (ICD-9: 460-519), chronic obstructive pulmonary disease (ICD-9: 490-496), diseases of the digestive system (ICD-9: 520-579), chronic liver disease and cirrhosis (ICD-9: 571), ill-defined causes (ICD-9: 780-799), injury and poisoning (ICD-9: 800-999), traffic accidents (ICD-9: 810-819) and all causes (ICD-9: 1-999). Information on the number of deaths was obtained from the national vital statistics database for the period 1980-1995 [4] . Data on the size of the Spanish population were drawn from population censuses issued by the National Statistics Office. Age-adjusted mortality rates were calculated for the population aged 40-79 years, using the direct method and the European population in 5-year age groups as standard [5] . To study the association between the geographic distribution of ischaemic heart disease mortality and that for the leading causes of death, two types of analysis were employed. First, mortality from the leading causes of death was calculated in quintiles of the provincial distribution of ischaemic heart disease mortality, and graphical inspection was used to ascertain whether mortality from such causes rose with the concomitant rise from lower to higher quintiles of ischaemic heart disease mortality. Second, we calculated Pearson correlation coefficients for provincial mortality from ischaemic heart disease vs other causes of death. Spearman coefficients were obtained for non-Gaussian variables. Correlation analyses were weighted by the proportion of provincial to total deaths for the country as a whole. Statistical analysis was performed using the SAS software package [6] . Figure 1 gives the quintiles of the geographic distribution of ischaemic heart disease mortality in Spain for the period 1991-1995. In general, the southern provinces registered the highest mortality across all age groups for both men (Fig. 2a) and women (Fig. 3a) . Among males, mortality from cerebrovascular disease, malignant tumours, lung cancer, respiratory diseases, chronic obstructive pulmonary disease, diseases of the digestive system and cirrhosis of the liver rose progressively in most age groups, concomitant with the rise from lower to higher quintiles of ischaemic heart disease mortality (Fig. 2) . Consequently, all-cause mortality plotted a distribution similar to that of ischaemic heart disease ( Fig. 1b and 2l ). In general, the same phenomenon was observed for females, though mortality rates were less stable, especially for lung cancer (Fig. 3) . Figure 4 shows trends in age-adjusted male mortality from leading chronic diseases for the period 1980-1995, by quintile of provincial ischaemic heart disease mortality. Mortality from many chronic diseases proved 
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higher in the higher quintiles of ischaemic heart disease mortality, even where the respective time trends were different. Whereas mortality from ischaemic heart disease, cerebrovascular disease, diseases of the respiratory system, diseases of the digestive system, cirrhosis of the liver and all causes declined in the period 1980-1995, mortality from malignant tumours, chronic obstructive pulmonary disease and, in particular, lung cancer rose over the same period. Figure 5 shows that, in women, the higher quintiles of ischaemic heart disease mortality tended to register the highest mortality from leading chronic diseases, particularly cerebrovascular disease, malignant tumours, and diseases of the respiratory and digestive systems, probably because these are the most frequent causes of death and thus render fairly stable mortality rates. Mortality trends plotted for the leading chronic diseases followed the same direction for both sexes, with the exception of lung cancer mortality which remained stable in women. Lastly, provincial ischaemic heart disease mortality showed correlations over 0·5 (P<0·001) with mortality from many of the above chronic diseases in the periods 1980-1984 and 1991-1995 (Table 1) . These results held reasonably well for the 40-59 and 60-79 age groups in both sexes (data not shown). Ischaemic heart disease mortality failed to share the same geographic pattern or to show a significant correlation with mortality from prostate cancer, breast cancer, injury and poisoning, traffic accidents (Figs 2-5, and Table 1 ) and ill-defined causes (Table 1) , for men and women alike, in the period 1991-1995. However, ischaemic heart disease mortality showed a significant correlation with prostate and breast cancer among men and women respectively, in the period 1980-1984. 
Discussion
Our results for the period 1980-1995 support the hypothesis that, in the provinces of Spain, ischaemic heart disease mortality is associated with mortality from the leading chronic diseases which share coronary risk factors. It is not likely that our results are due to methodological limitations. First, mortality data in Spain are reliable and of a quality comparable to that of other developed countries. Indeed, sensitivity and specificity of cause-of-death certification for leading chronic diseases exceeds 80% [7, 8] . Second, procedures for drawing up vital statistics remained consistent across the study period, and ICD-9 was used throughout to code the causes of death. As a result, no interruptions or brusque changes were observed in mortality trends. Third, the use of wide categories of diseases reduces the possibility of important errors in cause-of-death classification. Fourth, competitive risks of death fail to produce the geographic pattern encountered, since the provinces with the highest ischaemic heart disease mortality also have the highest mortality from other chronic diseases [9] . Lastly, mortality from ill-defined causes could not make any substantial contribution to the results since it is relatively small (less than 2% of all deaths in 1980-1984, and less than 1% in 1991-1995) and has no clear geographic pattern [10] . Factors responsible for the geographic distribution of leading chronic diseases in Spain affect both sexes, all 
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age groups and, given the stability of the pattern over time, might have been the same for the last 15 years. Because these factors are associated with very different diseases, they could exert their action through pathways which are not disease-specific. Possibly, the best candidate fitting this description is socioeconomic status. While ischaemic heart disease mortality is higher in the south (north-south pattern), socioeconomic status is higher in the north (south-north pattern), and its geographic distribution has been stable over recent decades, even while living and working conditions have improved throughout Spain. Moreover, socioeconomic status is independently associated both with other coronary risk factors and with the geographic pattern of ischaemic heart disease [11] and cerebrovascular disease [12] , and raises the individual risk of chronic diseases [13] [14] [15] . Lastly, in the provinces of Spain, socioeconomic status is associated with the degree of urbanization and industrialization, and these in turn have been linked to the occurrence of some malignant tumours [16] . Nevertheless, diet, among other lifestyle factors, may also contribute to the distribution of chronic diseases in Spain. The role of some traditional components of the mediterranean diet, such as a low intake of saturated fat and a high consumption of fruit and vegetables, is not clear. In fact, consumption of plant-based foods is lower and saturated fat intake higher in the northern regions, where chronic disease mortality is lower, than in the southern regions of Spain [11, 12] . However, this does not mean that saturated fat and a diet low in fruit and vegetables are beneficial for the Spanish population. These data suggest that other protective factors, for the most part still unknown, are operating in the northern regions of Spain. Among these factors, the most important are probably the consumption of alcohol (mainly from wine) and fish, physical activity, and a relatively low prevalence of obesity and tobacco consumption. Alcohol traditionally registers a south-north pattern in Spain. Moderate consumption of alcohol is negatively associated with ischaemic heart disease and cerebrovascular disease mortality, while higher consumption shows a positive association across Spanish provinces [11, 12] . In addition, there is no evidence of a population correlation between alcohol consumption and traffic-accident mortality, with the amounts of intake presently observed in Spain [17] . However, these findings should not be used to promote even moderate consumption of alcohol, since it could lead to an increase in excessive consumption and its associated morbidity and mortality burden [18] .
As regards fish, it also holds a south-north gradient in Spain, and there is evidence that it might partly explain the geographic pattern of ischaemic heart disease [11] and cerebrovascular disease [12] . Fish consumption has been connected to cardiovascular diseases, some types of cancer, and diseases of the digestive system in studies at an individual level [19] . However, evidence of the contribution of fish consumption to patterns of chronic diseases is still limited and inconsistent.
Sedentary lifestyle, especially during leisure time, registers a clear association with socioeconomic status [20] and has a stable north-south pattern; furthermore, it independently contributes to the geographic variation of cardiovascular disease in Spain [12] , and is associated with the risk of a number of chronic diseases, such as 
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ischaemic heart disease, cerebrovascular disease and cancer, and general mortality [21] . Obesity also reveals a clear north-south pattern in Spain [22] , and is associated with cardiovascular, cancer and all-cause mortality [23] . With regard to tobacco use, smoking tends to be heavier in the tobacco producing areas -the south-west of the country in particular -where mortality from lung cancer, other tobacco-related tumours and respiratory diseases is higher [10] . Smoking, particularly of blond tobacco products, also has a moderate correlation with the provincial distribution of ischaemic heart disease and cerebrovascular disease mortality in Spain [11, 12] . In addition, trends in tobacco consumption correlate well with the increase in lung cancer mortality among males over the last decades [24] . In addition, there is abundant evidence, at the individual level, of the relationship between tobacco consumption and cardiovascular diseases, malignant tumours, specially of the lung, larynx, oesophagus, pancreas and bladder, chronic obstructive lung disease, and diseases of the digestive system, in particular peptic ulcer [25] . Finally, the geographic pattern of mortality may be influenced by provincial differences in chronic disease fatality. Although information on geographic fatality is lacking, there is a south-north pattern in the availability of health care services [20, 26] and a clear association between socioeconomic status and access to those services in Spain [27, 28] . Ischaemic heart disease mortality distribution is not shared by breast cancer, prostate cancer or injury and poisoning, at least during the period 1991-1995. The direction of the relationship of socioeconomic status with breast cancer is the opposite of that of ischaemic heart disease [29] . Furthermore, the principal ischaemic heart disease risk factors, such as smoking, hypertension or hypercholesterolaemia do not raise the risk of breast cancer. It was thus partly expected that breast cancer mortality would not share the geographic pattern of ischaemic heart disease. The provincial distribution of breast cancer mortality shows scant variation. This suggests that its risk factors -for the most part still unknown -are distributed homogeneously across provinces of Spain [10] . For prostate cancer, the situation is similar to breast cancer. It shows no clear geographic pattern and does not seem to share coronary risk factors, with the possible exception of saturated fat consumption [30] . As regards injury and poisoning, low socioeconomic status is associated with higher risk (e.g. knife and firearm injuries), whereas high socioeconomic status, implying possession and use of motor vehicles, is associated with traffic accidents. Furthermore, alcohol consumption, albeit moderate, raises the risk of violent deaths, which is not the case with ischaemic heart disease. This, plus the fact that classic coronary risk factors do not appear to contribute to risk of injury and poisoning, may explain why these too fail to share the geographic pattern of ischaemic heart disease.
Our study has followed in the wake of mortality atlases for cancer and other chronic diseases, and the pioneering work by authors of comprehensive studies of these diseases [31] [32] [33] [34] . Nevertheless, we are not aware of any studies that permit a direct comparison. In general, our results are consistent with those from studies between countries, which suggest that geographic 
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distribution of coronary diseases, cardiovascular disease, lung cancer and other tumours may have common causes [2, 35] . Therefore, our results provide additional support for integrated programmes for the prevention and control of chronic diseases [33, 36] . In fact, some of these programmes have shown that control of coronary risk factors, particularly unhealthy diet, tobacco consumption and sedentary behaviour, is possible through coordinated action at the community level, and that control of risk factors is associated with a reduction in cardiovascular, cancer and total mortality and an improvement in subjective health in the population [36] .
We thank the Instituto Nacional de Estadística for providing computerised vital statistics data. This study was financed in part by FIS grant No. 99/0712. 
Mortality from IHD and chronic diseases 1851
